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Foreword

The system specification for digital terrestrial sound broadcasting has been produced by the Asso-
ciation of Radio Industries and Businesses (ARIB) in October 1999, and has been reported as the
Japan Standard to the Telecommunication Technology Council of Ministry of Posts and Telecom-

munications (MPT) in November 1999.

1 Overview

The specification describes baseline transmission system of the narrow-band Terrestrial Integrated
Services Digital Broadcasting (ISDB-T). The system can transmit various kinds of digital contents
including audio programs and various kinds of data programs.

1.1 Scope

The specification specifies the transmission system which delivers IF signal with input signals of
MPEG-2 transport streams, which includes the re-multiplex, channel coding, modulation, transmis-
sion control and the corresponding functions of the receiver as shown in the functional block dia-
grams in Fig.1-1.

Multiplexing Channel Coding Modulation

MPEG-2 —¥ > : > _ . .

TS — »| (Section 2) (Section 3) (Section 4) IF Signal
A A A

formation (Section 5) — Signal Flow

............ » Control Signal

(a) Diagram of transmitter

_ Receiver MPEG-2
RF Signal I (Section 7) | ’ TS

(b) Diagram of receiver

Fig. 1-1 Functional block diagrams
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1.2 Baseline of narrow-band ISDB-T

By using MPEG-2 audio coding and MPEG-2 systems in a multiplexing process, narrow-band
ISDB-T provides common elements in operation and reception among wide-band ISDB-T, digital
satellite broadcasting.

Transport Streams are formed into data groups (Data Segments) prior to channel coding. Channel
coding is carried out to each hierarchical layer. After channel coding, data segments are formed into
single or three OFDM segments together with pilot signals (See Fig.1-2). A bandwidth of OFDM
segment is a fourteenth of television channel bandwidth (6,7 or 8 MHz). Hereinafter, a case of
about 429 kHz (6/14MHz) is described as an example.

1.3 Hierarchical transmission and partial reception

Hierarchical transmission of narrow-band ISDB-T is achieved only in the case of three-segment
transmission. There are only two layers of A and B. The hierarchical layer parameters are carrier
modulation scheme, coding rates of the inner coder, and length of the time interleaving.

The centre segment of three-segment transmission should be able to be received by 1-segment re-
ceiver for compatibility between receivers. Owing to the common structure of OFDM segment, 1-
segment receiver can partially receive a centre segment of wide-band ISDB-T signal whenever an
independent program is transmitted in the centre segment.

Fig. 1-1 shows an example of hierarchical transmission and partial reception.

| Layer A || Layer B |

\ Ay .

Data Multiplexing
Data Segment OFDM Frame St‘ructure

and Modulation
Spectrum Z

| Tee—

— Partial R - -
|1-segment|SDB-Tn Recelvehisrzla ecep | 3-segment ISDB-Tn Recelver|

Fig. 1-2 Example diagram of hierarchical transmission and partial reception

1.3 Transmission parameters

The transmission parameters for the 1-segment format and the 3-segment format are shown in table
1-1 and 1-2. The transmission capacities of the 1-segment and the 3-segment are shown in table 1-3
and 1-4 respectively
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Table 1-1 Transmission parameters for the 1-segment transmission

Mode

Mode 1

Mode 2

Mode 3

Segment Bandwidth

6000/14 =428.57... kHz

Bandwidth

6000/14(kHz) + 250/63(kHz
= 432.5 kHz

6000/14(kHz) + 125/63(kHz)
= 430.5 kHz

6000/14(kHz) + 125/126(kHz)
= 429.5 kHz

Number of Segments fq
Differential Modulation

=

Ny

Number of Segments fq
Coherent Modulation

=

Ns (Nstng=1)

Carrier Spacing

250/63 = 3.968...kHz

125/63 = 1.984...kHz

125/126 = 0.992...kHz

Total 108 +1 =109 216 +1 =217 432 +1=433
Data 96 192 384
Number SP! 9% 18xn, 36xns
of cpP? ng+1 ny+1 e+ 1
Carriers TMCC™ Ns + 5xNg 2xhs + 10ng 4xng + 20<ny
AC1® 2 4 8
AC2® 4xng 9xng 19xny
Carrier Modulation QPSK, 16QAM, 64QAM, DQPSK
Number of Symbol per 204
Frame
Effective Symbol Duration 252 us 504 us 1.008 ms

Guard Interval

63 us (1/4), 31.5 ps (1/8),
15.75 ps (1/16), 7.875 ps
(1/32)

126 us (1/4), 63 ps (1/8),
31.5 us (1/16), 15.75 ps (1/32

252 us (1/4), 126 ps (1/8),
) 63 s (1/16), 31.5 ps (1/32)

Frame Duration

64.26 ms (1/4), 57.834 ms (1/8),

54.621 ms (1/16), 53.0145 ms
(1/32)

128.52 ms (1/4), 115.668 ms (1/8),

109.242 ms (1/16), 106.029 ms
(1/32)

257.04 ms (1/4), 231.336 ms
(1/8),
218.464 ms (1/16), 212.058 ms

(1/32)

FFT sample clock

64/63 = 1.0158... MHz

Inner Code Convolutional Code (1/2, 2/3, 3/4, 516, 7/8)
Outer Code RS (204,188)
*1: SP (Scattered Pilot), and CP (Continual Pilot) can be used for frequency synchronization and
channel estimation.
The number of CP includes CPs on all segments and a CP for higher edge of whole bandwidth.
*2: TMCC (Transmission and Multiplexing Configuration Control) carries information on trans-

mission parameters.
*3: AC (Auxiliary Channel) carries ancillary information for network operation.
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Table 1-2 Transmission parameters for the 3-segment transmission

Mode Mode 1 Mode 2 Mode 3
Segment Bandwidth 6000/14 =428.57... kHz
6000/14(kHz}3 +
Bandwidth 6000/14(kHzX3 + 250/63(kHz)| 6000/14(kHzX3 + 125/63(kHz) 125/126(kHz)
=1.289...MHz =1.287...MHz N
=1.286...MHz
Number of Segments fqr N
Differential Modulation d
Number of Segments far
9 Ns (Ns+ny=3)

Coherent Modulation

Carrier Spacing 250/63 = 3.968...kHz 125/63 = 1.984...kHz 125/126 = 0.992...kHz
Total 1083 +1 =325 2163 + 1 =649 4323 +1 =1297
Data 96x3 = 288 1923 =576 3843 =1152
NS’;" sP 9xng 18xn, 36xn,
of CP ng+1 n+1 n+1
Carri-
ers TMCC ns + 5xngy 2xng + 10Ny 4xng + 20<ng
AC1 2x3=6 £&3=12 &3=24
AC2 4xny Ix Ny 19y
Carrier Modulation QPSK, 16QAM, 64QAM, DQPSK
Number of Symbol per 204
Frame
Effective tiSoyrr]nbol Dura- 252 s 504 s 1.008 ms

Guard Interval

63 us (1/4), 31.5 us (1/8),
15.75 us (1/16), 7.875 ps (1/3

126 ps (1/4), 63 us (1/8),
P) 31.5 ps (1/16), 15.75 ps (1/32

252 us (1/4), 126 ps (1/8),
63 us (1/16), 31.5 ps (1/32)

Frame Duration

64.26 ms (1/4),57.834 ms (1/8),
54.621 ms (1/16), 53.0145 ms

109.242 ms (1/16), 106.029 ms
(1/32)

128.52 ms (1/4), 115.668 ms (1/8),

(1/32)

257.04 ms (1/4), 231.336 ms (1/8),
218.464 ms (1/16), 212.058 ms
(1/32)

FFT sample clock

128/63 = 2.0317... MHz

Inner Code

Convolutional Code (1/2, 2/3, 3/4, 5/6, 7/8)

Outer Code

RS (204,188)
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Table 1-3 Information bit-rates for the 1-segment transmission

Number of Information Rates (kbps)
Carrier | Convolutional| Transmitting
Modulation Code TSPs' Guard Interval| Guard Interval| Guard Interval| Guard Interval
(Mode 1/2/3) Ratio 1/4 Ratio 1/8 Ratio 1/16 Ratio 1/32
1/2 12/ 24/ 48 280.85 312.06 330.42 340.43
DQPSK 2/3 16/ 32/ 64 374.47 416.08 440.56 453.91
3/4 18/36/72 421.28 468.09 495.63 510.65
QPSK 5/6 20/ 40/ 80 468.09 520.10 550.70 567.39
718 21/42 184 491.50 546.11 578.23 595.76
1/2 24/ 48/ 96 561.71 624.13 660.84 680.87
2/3 32/ 641128 748.95 832.17 881.12 907.82
16QAM 3/4 36/ 721144 842.57 936.19 991.26 1021.30
5/6 40/ 80/ 160 936.19 1040.21 1101.40 1134.78
718 42/ 84168 983.00 1092.22 1156.47 1191.52
1/2 36/ 72 /144 842.57 936.19 991.26 1021.30
2/3 48/ 96/ 192 1123.43 1248.26 1321.68 1361.74
64QAM 3/4 54/ 108 /216 1263.86 1404.29 1486.90 1531.95
5/6 60/ 120/ 240 1404.29 1560.32 1652.11 1702.17
718 63/ 126/ 252 1474.50 1638.34 1734.71 1787.28

*1:  The number of Transmitting TSPs per one OFDM frame.

Table 1-4 Information bit-rates for the 3-segments Format

Carrier Comvold TT:r:gfneitrticr)]f Information Rates (kbps)
Mo_dula— tional Code TSpa 9 Guard_ Interval Guard_ Interval Guar(_j Interval Guar(_j Interval
tion (Mode 1/2/3) Ratio 1/4 Ratio 1/8 Ratio 1/16 Ratio 1/32
1/2 12/ 24/ 48 0.842 0.936 0.991 1.021
DQPSK 2/3 16/ 32/ 64 1.123 1.248 1.321 1.361
3/4 18/ 36/ 72 1.263 1.404 1.486 1.531
QPSK 5/6 20/ 40/ 80 1.404 1.560 1.652 1.702
7/8 21/ 42/ 84 1.474 1.638 1.734 1.787
1/2 24/ 48 | 96 1.685 1.872 1.982 2.042
2/3 32/ 64 /128 2.246 2.496 2.643 2.723
16QAM 3/4 36/ 72/ 144 2.527 2.808 2.973 3.063
5/6 40/ 80/ 160 2.808 3.120 3.304 3.404
7/8 42/ 84/ 168 2.949 3.276 3.469 3.574
1/2 36/ 72 /144 2.527 2.808 2.973 3.063
2/3 48/ 96/ 192 3.370 3.744 3.965 4.085
64QAM 3/4 54/ 108/ 216 3.791 4,212 4.460 4.595
5/6 60/ 120/ 240 4.212 4.680 4.956 5.106
7/8 63/ 126/ 252 4.423 4,915 5.204 5.361

*1: In the case of the 3-segments scheme, information rate can be calculated by the combination of
segment information rates.
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2. Multiplex

The multiplex of the system is compatible with MPEG-2 Transport Stream (TS) ISO/IEC 13813[1].
In addition, Multiplex Frame and TMCC descriptors are defined for hierarchical transmission with
asingle TS.

2.1 Multiplex Frame

To achieve hierarchical transmission using the Band Segmented Transmission OFDM scheme, the
ISDB-T system defines a multiplex frame of TS within the scope of MPEG-2. In the multiplex
frame, TS is a continual stream of 204-byte RS-TSP composed of TSP and null data of 16 bytes or
Reed-Solomon parity.

The duration of the multiplex frame is adjusted to that of the OFDM frame by counting RS-TSPs
using a clock that is two times faster than the 1.0158... MHz used for IFFT sampling in the case of
1-segment scheme. In the case of the 3-segment scheme the duration of the multiples frame is ad-
justed to that of the OFDM frame by counting RS-TSPs using a clock that is four times faster than
2.0317... MHz.

The number of transmission-TSPs actually transmitted in one OFDM frame is shown in table 1-3.
The number is smaller than the corresponding number of RS-TSP on the multiplex frame shown in
table 2-1. The difference in number of TSPs between the two numbers corresponds to the number of
inserted null RS-TSPs.

The method of re-multiplexing a TS for the multiplex frame is predetermined in such a way that the
receiver regenerates the same TS (see section 7.2).

An example of TS in the multiplex frame is shown in Fig. 2-1. RS-TSPs in the multiplex frame be-
long to layer-A, B. Null RS-TSPs are not transmitted.

Table 2-1 Number of interfaced TSP of Multiplexing Frame

Number of TSPs per one Multiplexing Frame
Mode Guard Interval Ratio| Guard Interval Ratio] Guard Interval Ratio| Guard Interval Ratio

1/4 1/8 1/16 1/32

1-segmen Mode 1 80 72 68 66
Format Mode 2 160 144 136 132
Mode 3 320 288 272 254
3-segmen Mode 1 320 288 272 254
Format Mode 2 640 576 544 528

Mode 3 1280 1152 1088 1056

Multiplexing Frame
< >«
#1 #2 #3 | #1151 | #1152 [ #1 #2 oo |
TSR TSR TSRu TSR, TSPu | TSR TSR

Fig. 2-1 An Example of Transport Stream
(Mode 1, Guard interval ratio 1/8)
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2.2 Application of MPEG-2 control signals
For the hierarchical transmission, the next application rules are introduced.
2.2.1 Multiplex of PAT, NIT and CAT
The multiplex of PAT, NIT and CAT obeys the rule that:
- these signals shall be transmitted in the most robust transmission layer or;

- these signals shall be duplicated and transmitted in the most robust transmission layer and
the partial reception layer in the case the partial reception layer is not the most robust trans-
mission layer

2.2.2 Multiplex of PMT
The PMT shall be transmitted in the most robust transmission layer.

2.2.3 Multiplex of PCR-packet for Partial Reception layer
The multiplex of the PCR packet shall obey the rule that:
- one PCR packet per multiplex frame is transmitted periodically (for Mode 1) or;

- two PCR packets with same interval as that of Mode 1 are transmitted every multiplex frame
(for Mode 2) or;

- four PCR packets with same interval as that of Mode 1 are transmitted every multiplex frame
(for Mode 3).

3. Channel coding

This section describes the channel-coding block, which receives the packets arranged in the multi-
plex frame and delivers the channel-coded packets to the OFDM modulation block.

3.1 Functional block diagram of channel coding
Fig. 3-1 shows the functional block diagram of channel coding of narrow-band ISDB-T.

The duration of the multiplex frame coincides with the OFDM frame by counting the bytes in the
multiplex frame using a faster clock than IFFT-sampling rate described previous section.

At the interface between the multiplex block and the outer coding block, the head byte of the multi-
plex frame (corresponding to the sync.-byte of TSP) is regarded as the head byte of OFDM frame.
In bit-wise description, the MSB of the head byte is regarded as the synchronisation bit of OFDM
frame.

For the 3-segment transmission, RS-TSP stream is divided to two layers in accordance with the
transmission-control information. In each layer, carrier-modulation scheme, error correction, and
time-interleaving length can be specified independently. The information on these parameters is
transmitted using Transmission and Multiplexing Configuration Control (TMCC) carriers.

After channel coding, data are framed into OFDM-transmission frame along with pilot signal,
TMCC signal, and Auxiliary channel signal.

10
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_ .| Energy .| Delay Ad- .| Byte-wise .| Convolutional
Splitter "| Dispersal 7| justment | Interleaving[ 7| Coding ’
Outer Cod
Multiplexing || RSU(§[)4 38?3 o 0O
O .| Energy .| Delay Ad- .| Byte-wise .| Convolutional
l | Dispersal[ | justment " Interleaving| 7 Coding e

Null RS-TSPs .
For 3-segment transmission

Modulation
— ¥ Bit Interleavin Mapper
_’I I v g|->| PP I_ Synthesis of OFDM Guard
Hierarchical Time In- Frequenc Frame Ad+ IFFT Interval
> > —» i > —>
Modulation Burst Streant terleaver Interleave aptation Insertion
. . B
——>| Bit Interleavmg|—>| Mapper |—-->
™
For 3-segment transmission
Pilot Signal
(SP, CP)

Control Signal
(TMCC)

Auxiliary Channel | |
(AC)

Fig. 3-1 Channel coding diagram

3.2 Outer coding

Reed-Solomon RS (204,188,t=8) shortened code is applied to each MPEG-2 TSP (see Fig. 2-3(a))
to generate an error protected TSP (see Fig. 2-3(b)). Reed-Solomon code can correct up to 8 random
erroneous bytes in a received 204-byte word.

Field Generator Polynomialp(x)= x8+x*+x*+x*+1

Code Generator Polynomial:  g(x)=(x-A%)(x-A%)(x-4%) (x-2%) - (x-A°)
Where,ﬂ:OZHEx

It should be noted that null TSPs from the multiplexer are also coded to RS (204, 188) packets.

MPEG-2 TSP and RS error protected TSP are shown in Fig. 2-3. RS error protected TSP is called
transmission TSP.

Sync. MPEG-2 transport MUX data
1 byte 187 bytes

(a) MPEG-2 Transport Stream Packet (TSP)

Sync. MPEG-2 transport MUX data .
1 byte 187 bytes 16 Parity bytes

(b) Transmission TSP, RS (204,188) error protected TSP
Fig. 3-2 MPEG-2 TSP and Transmission TSP

11
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3.3 Division of TS

A TS from the outer encoder shall be divided every 204 bytes, and then sorted into up to three pre-
determined layers in accordance with hierarchical control information. In this process, each TSP is
divided at the end of the synchronization byte and the SYNC of OFDM frame is delayed by a byte.

In the case of non-hierarchical transmission, one certain stream should only be defined as the stream
for the whole transmission.

It should be noted that null TSPs in the multiplex frame are removed at the splitter.
Fig. 3-3 shows division of TS and shift of OFDM frame SYNC.

OFDM frame SYNC

S I P, |S I P, |S I3 P;s |S

]
< Transmission TSP #»‘19é Null Transmission TSP > Transmission TSP #2 >

]
]
: OFDM Frame
|
]
Shifted OFD
frame SYNC
||
i
Layer A I P, |[S
]
< OFDM Frame
Removed Null TSPs I» P, |S
Layer B I3 P; IS

Fig. 3-3 Dividing process of TS

3.4 Energy dispersal

In order to ensure adequate binary transitions, the data from the splitter is randomized with PRBS
sequence generated according to Fig. 2-5.

The polynomial for the pseudo random binary sequence (PRBS) generator shall be:
g(x) = X° + x* +1

Loading of the sequence ‘100101010000000’ into the PRBS registers is initiated at the start of
every OFDM frame.

12
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Initial Sequence

e—» DD DHDH»DH»DH»DHDMHDMHDMHDMSDMDMD D
2 3 4 5 6 7 8 9 10 11 12 13

L_p
—>D—>Output

Enable

14 15

Fig. 3-4 PRBS generation diagram

3.5 Delay adjustment

In the byte-wise interleaving, the delay caused in the interleaving process differs from stream to
stream of different layer depending on its properties (i.e. modulation and channel coding). In order
to compensate for the delay difference including de-interleaving in the receiver, the delay adjust-
ment is carried out prior to the byte-wise interleaving on the transmission side.

The amount of delay to be adjusted for is defined in terms of the number of TSPs for each layer
stream, as shown in table 2-2.

In each layer, the total delay including 11 TSPs of the byte-wise interleaving and de-interleaving
processes itself is adjusted to one multiplex frame independently of its hierarchical properties.

In table 2-2, N indicates the number of segments used for a certain layer. In the case of the 1-
segment transmission N equals 1, and in the case of the 3-segments N equals 1 or 2.

Table 3-1 Delay adjustment for byte interleaving

Carrier Convolutional Number of Transmission TSPs for Delay Adjustment
code rate Mode 1 Mode 2 Mode 3
1/2 12xN-11 24«N-11 48<N-11
DQPSK 2/3 16xN-11 3XN-11 64<N-11
3/4 18xN-11 36<N-11 TXN-11
QPSK 5/6 20xN-11 40<N-11 80<N-11
7/8 21xN-11 4%N-11 84<N-11
1/2 24xN-11 48<N-11 96<N-11
2/3 32xN-11 B6XN-11 12&N-11
16QAM 3/4 36xN-11 7TXN-11 144N-11
5/6 40xN-11 80<N-11 160«N-11
718 42xN-11 84<N-11 168&N-11
1/2 36xN-11 7TXN-11 144N-11
2/3 48xN-11 9XN-11 19XN-11
64QAM 3/4 54xN-11 10&N-11 216<N-11
5/6 60xN-11 12«N-11 24kN-11
718 63xN-11 126<N-11 25ZN-11

N: the number of segments used in the layer

13
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3.6 Byte-wise interleaving (Inter-code interleaving)

Following the conceptual scheme of Fig. 2-6, convolutional byte-wise interleaving with length of |
=12 is applied to the 204-byte error protected and randomised packets. It should be noted that for
synchronisation purposes, the bytes just after the SYNC bytes shall always be routed in branch ‘0’
of the interleaver (corresponding to a null delay).

The interleaver may be composed of | = 12 branches, cyclically connected to the input byte-stream
by the input switch. Each branch j shall be a First-in First-out (FIFO) shift register, with length of |

x 17 bytes. The cells of the FIFO shall contain 1 byte, and the input and output switches shall be
synchronised.

The de-interleaver is similar in principle, to the interleaver, but the branch indices are reversed. To-
tal delay caused by interleaver and de-interleaver is1l7x 12 bytes (corresponding to 11 TSPSs).

® 17bytes| o

@—— 17x2bytes ————@

@®———— 17x3bytes ———@

1 byte per position

11
o— 17x11 bytes ——@

_
FIFO shift register/

Fig. 3-5 Conceptual diagram of the outer interleaver

3.7 Inner coding (Convolutional codes)

The system shall allow for a range of punctured convolutional codes, based on a mother convolu-
tional code of rate 1/2 with 64 states. This will allow selection of the most appropriate property of

error correction for a given service or data rate in the ISDB-T including mobile services. The gen-
erator polynomials of the mother code are=@. 71t for X output and @= 133 ¢ for Y output.

The inner encoder, having constraint length k=7 and mother convolutional code rate of 1/2, is
shown in Fig. 2-7. The punctured patterns and transmitted sequences are given in table 2-3.

14
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X Output, G = 171oct

>

Data Input

Y Output, G = 133oct
>

Fig. 3-6 Mother convolutional code of coding rate of 1/2 (Constraint Length = 7)

Table 3-2 Puncturing pattern and transmitting sequence

Code Rates Puncturing Pattern Transmitted Sequence

X:1

1/2 Vo1 X1, Y1
X:10

2/3 v-11 X1, Y1, Y2
X:101

3/4 Y110 X1, Y1, Y2, X3
X:10101

5/6 Y-11010 X1, Y1, Y2, X3 Y4, Xs

7/8 X:1000101 X1, Y1, Y2, Y3, Y4, X5, Y,
Y:1111010 X7

4. Modulation

Configuration of modulation block is shown in Fig. 2-8. After bit-wise interleaving, data of each
layer mapped to the complex domain.

Modulation

Bit Interleaver |—>| DQPSK Mapper I—O
Bit Interleaver |—>| QPSK Mapper l—O
Bit Interleaver |—>| 16QAM Mapper l—O
Bit Interleaver |—>| 64QAM Mapper |—O

_O__

—— Delay AdjustmenF—O

[111]

Fig. 4-1 Configuration of modulation block
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4.1 Delay adjustment for bit interleave

Bit interleave causes the delay of 120 complex data (I + jQ) as described in the next section. By
adding proper delay shown in table 2-4, total delay in transmitter and receiver is adjusted to the
amount of two OFDM symbols.

In table 2-2, N indicates the number of segments used for a certain layer. In the case of the 1-
segment transmission N equals 1, and in the case of the 3-segments N equals 1 or 2.

Table 4-1 Delay adjustment for bit interleaving

Modulation Number of bits for Delay Adjustment
Mode 1 Mode 2 Mode 3
DQPSK
QPSK 384xN-240 76&N-240 1536N-240
16QAM 768<N-480 1536N-480 307ZN-480
64QAM 1152N-720 2304N-720 460&N-720

Where, N indicates the number of segments used in a certain layer.

4.2  Bitinterleaving and mapping
4.2.1 DQPSK

The serial bit-sequence at the output of the inner coder is converted into a 2-bit parallel sequence to
undergon/4-shift DQPSK mapping, by which n bits of I-axis and Q-axis data are delivered. The
number n may depend on the hardware implementation. After the serial-to-parallel (S/P) conver-
sion, bit-interleaving is carried out by inserting a 120-bit delay on the second output of the S/P con-

verter (see Fig.4-2). Fig. 4-2 shows a block diagram/4shift DQPSK modulation, and Fig. 2-10
hows its constellation.

It should be noted that the ‘Delay’ in Fig. 4-2 is the delay corresponding to the amount of all the
data, which are dealt with during one OFDM symbol period in the data segments denli¢aghit
DQPSK mapping. When data segments gfd¥e used for the mapping, the delay amounts tQ,96N
symbols (i.e. 96N x 2 bits) for Mode 1, 192N symbols (i.e. 192N x 2 bits) for Mode 2, and
384N,;symbols (i.e. 384N x 2 bits) for Mode 3.

b0 b0’
Phase Ok

—>SIP
b0, b1,... b1 120-Bit Delay b qucula-

lj. |

= Phase 7 I
Shifter / Q
QJ'l QJ ’

Delay

Fig. 4-27/4-Shift DQPSK modulation
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Q
Input | Output 24
b0, bl'| 6 e “r o
0,0 /4
0,1 | -wa A e !
1,0 3n/4
1,1 | -3u4 ° °

AT
-vsz
Fig. 4-3 Phase calculation and mapping fort/4-shift DQPSK

Phase shift of complex data is as follows.

(Ijj_(cosej —sirﬂjj(ljl‘j
Q) \sing,  cow )\Q.

Where, (J, Q) denotes a complex data of j-th symbol, and@.,) denotes the data one OFDM
symbol before.

4.2.2 QPSK

The serial bit sequence at the output of the inner coder is converted into a 2-bit parallel sequence in
order to undergo QPSK mapping, by which I-axis and Q-axis data of n bits each are delivered. After
the S/P conversion, bit interleaving is carried out by inserting 120-bit delay on the second output of
the S/P converter as shown in Fig.4-4. Fig. 4-5 shows the constellation.

b, b2, ... K |

b0, b1, b2, b3, .| 7 p3>1120-Bit Dela Mapping| , + Q

Fig. 4-4 QPSK modulation

Q Convey b2
(1,0 (b0, b1) = (0,0)
(] +14 o
f f
-1 +1 | Convey b0
(1,1) 0,1)
(] 17T o

Fig. 4-5 QPSK mapping
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4.2.3 16-QAM

The serial bit sequence at the output of the inner coder is converted into a 4-bit parallel sequence in
order to undergo 16-QAM mapping, by which n bits of I-axis and Q-axis data are delivered. After
S/P conversion, bit interleaving is carried out by bit delays inserted on the bl to b3 outputs of the
S/P converter as shown in Fig. 2-13. Fig. 2-14 shows the constellation.

b0, b4, ...

SIP[ b1, b5, ... 40-Bit Delay 16QAM

b3, b4, b5, b6, b7, ... i -
b0, b1, b2, b2 P65 80-Bit Delay Mapping| , 0
b3, o7, ... 120-Bit Delay|

Fig. 4-6 16QAM modulation

Q Convey b1, b3

(1,0,0,0) (1,0,1,0) (0,0,1,0) (b0, b1, b2, b3)=(0,0,0,0)
o ®+3+ O (
(1,0,0,1) (1,0,1,1) (0,0,1,1) (0,0,0,1)
o ®o+l+ © o
f } t t | Convey b0, b2
-3 -1 +1 +3
(] ® 11+ © [
(1,1,0,1) (1,1,1,1) (0,1,1,1) (0,1,0,2)
o ® 3+ ©
(1,1,0,0) (1,1,1,0) (0,1,1,0) (0,1,0,0)

Fig. 4-7 16-QAM mapping
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The serial bit sequence at the output of the inner coder is converted into a 6-bit parallel sequence in
order to undergo 64-QAM mapping, by which n bits of I-axis and Q-axis data are delivered. After
the S/P conversion, bit interleaving is carried out by bit delays inserted on the bl to b5 outputs of
the S/P converter as shown in Fig. 4-8. Fig.4-9 shows the constellation.

b0, b6, ...

‘ bl b7, .. 24-Bits Delay
‘ b2 b8, . 48-Bit Delay

S/P

b0, b1, b2, b3, b4, b5, b6, b7, b8, b9, b10, bl1, ...

‘ b3, b9, .. 72-Bits Delay
b2, b0 . 96-Bits Delay

640AM —F—> |

Mapping

‘ b5 bil .. 120-Bits Dela

Fig. 4-8 64-QAM modulation

Q Convey b1, b3, b5
(100000) (100010) (101010) (101000) (001000) (001010) (000010)
([ ([ ([ ®+71+ © o o
(100001) (100011) (101011) (101001) (001001) (001011) (000011) (000001)
([ ([ ([ ®+5+ O o o o
(100101) (100111) (101111) (101101) (001101) (001111) (000111) (000101)
([ ([ ([ ®+3+ O o o o
(100100) (100110) (101110) (101100) (001100) (001110) (000110) (000100)
([ ([ ([ ®+11+ © o o o
1 1 1 1 1 1 1 1
T T T T T T T T
-7 -5 -3 -1 +1 +3 +5 +7
o o ([ ® -1+ © o ([ o
(110100) (110110) (111110) (111100) (011100) (011110) (010110) (010100)
® ® ® ® 3+ O o o o
(110101) (110111) (111111) (111101) (011101) (011111) (010111) (010101)
o o ® 5 o [ ] o
(110001) (110011) (111011) (111001) (011001) (011011) (010011) (010001)
o o ([ ® -+ © o o o
(110000) (110010) (111010) (111000) (011000) (011010) (010010) (010000)

Fig. 4-9 64-QAM mapping
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4.3 Normalisation factors

To keep the mean power constant regardless of the kind of modulation, the normalization factor is
applied to the constellation point z (=I + jQ) shown on to Figs. 4-3, 4-5, 4-7, and 4-9. By the nor-
malisation according to table 4-2, the mean power is kept constant.

Table 4-2 Normalisation factors for data symbols

Carrier Modulation Normalisation Factor
7/4 Shift DQPSK Z/2

QPSK Z/42

16QAM Z /10

64QAM 7142

4.4 Data Segment

As shown in Fig. 2-17, data segment is defined as a table of addresses for complex data, on which
rate conversion, time interleaving, and frequency interleaving shall be executed. The data segment
corresponds to the data portion of OFDM segment.

Time Domain (corresponds to OFDM Symbols)

S0k Soik So2k
Siok  Siik Si2k
Sok  Sak S22k Frequency Domain

(corresponds to OFDM
Sijk Carriers)

Sosok  Sesik Sos 2k

<— 96 Complex Data—>

(a) Structure of Data Segment for Mode 1

Time Domain (corresponds to OFDM Symbols)

Sook  Soik  Sozk
Siok Stk Si2k
Sok Sk Se2k

1
IS
o}
% Frequency Domain
a
% (corresponds to OFDM
© Sijk Carriers)
AN
(e}
i
l Sig20k Ste21k St92:2k
(b) Structure of Data Segment for Mode 2
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Time Domain (corresponds to OFDM Symbols)

Sook  Soik  Sozk
Siok Sk Si2k
Sok Sk Sk

Frequency Domain

(corresponds to OFDM
Sik Carriers)

SBSB,O,k S383,1,k S383,2,k

<—— 384 Conplex Data ——>

(c) Structure of Data Segment for Mode 3
Fig. 4-10 Structure of Data Segment

4.4 Synthesis of layer-data streams

After being channel-coded and mapped, complex data of each layer are inputted to pre-assigned
data-segments every one symbol.

The data stored in all data segments are cyclically read with the IFFT-sample clock; then rate con-
versions and systhesis of layer data streams are carried out (see Fig.4-11).

In Fig. 2-18, the value of.requals 96 for Mode 1, 192 for Mode 2, or 384 for Mode 3. In the case
of 1-segment transmission only a rare conversion is done.

1 Complex Data per Position

0 Data Segment No. 1-1 ()| e

1 1L 5
2 2 —O

‘07 N1 all 5

Layer A I, Q

O——— 0 Data Segment No. 2-1 6—oO

Read with IFFT-

-1 1
o——" & —>0 Sanple Clock

O—— 0 Data Segment No. 2-2 0—oO

bo— ncll d.ql —O’

Fig. 4-11 Synthesis of layer-data streams
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4.5 Time interleaving
After synthesis, symbol-wise time interleaving is carried out.

The structure of the intra-segment time-interleaver in the Fig. 4-12 is shown in Fig. 4-13. The inte-
ger | is a parameter for the length of time interleaving, and shall be specified for each layer.

For the 1-segment transmission, there is only one segment of No.O.

o—1 0 Intra-Segment o————O
o— 11 Time Interleaver 1————O
o— | 2 No. 0 2 —oO
ne-1 Al
‘ o———1 0 Intra-Segment o—=O
: Time Interleaver :
Write with IFFT- % .
Sample Clock | -l No.1 A /' Read with IFFT-
O—— —© Sanmple Clock
o——10 Intra-Segment ob——o /
: Time Interleaver : '
A el  No.2 oL -

Where, =96 for Mode 1, 192 for Mode 2, 384 for Mode 3.

Fig. 4-12 Time interleaver forthe 3-segment transmission

CO I xmo-Symbol-Buffer O

O1 I xm,-Symbol-Buffer —0

ci I xmy-Symbol-Buffer —0
ne-1

O I xm,¢.--Symbol-Buffer —O

where, m= (jx5) mod 96, andd4¥ 96 (Mode 1), 192 (Mode 2), or 384 (Mode 3)

Fig. 4-13 Intra-segment time interleaver

A delay accompanying time interleaving is adjusted in accordance with a integer | as shown in table
4-3. A delay to be compensated for each layer is determined so that the total delay including de-
interleaving process in the receiver amounts to an integral number of OFDM-frames.
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Table 4-3Delay adjustment accompanied with time interleaving

Mode 1 Mode 2 Mode 3
Number of Number of Number of
Number off OFDM Frames Number of | OFDM Frames Number off OFDM Frames
| symbols forto be delayed by | symbols for|to be delayed Qy | symbols forto be delayed by
delay ad- [delay adjustment = | delay adjustt delay adjust- delay ad- |delay adjustment
justment | and time inter- ment ment and time justment | and time inter-
leaving interleaving leaving
0 0 0 0 0 0 0 0 0
4 28 2 2 14 1 1 109 1
8 56 4 4 28 2 2 14 1
16 112 8 8 56 4 4 28 2
32 224 16 16 112 8 8 56 4

4.6 Frequency interleaving

The configuration of frequency interleaving functional blocks is shown in Fig.4-14. Inter-segment

frequency interleaving is taken among the segments having the same modulation scheme.

For 1-segment transmission, or the centre segment
of 3-segmentransmission

Intra-Segment

SegmentJ

>

Carrier Rotation

Intra-Segment

Carrier Randomizatiop

OFDM

Splitter
j

Frame i

>

Inter-Segment
Interleaver

Intra-Segment
Carrier Rotation

Intra-Segment

Carrier Randomizatiop

Structure |

For remaining two segment of 3-segment

transmission

4.6.1

Inter-segment frequency interleaving can be carried out only for two segments of No.1 and 2 of the
3-segment transmission (see Fig.4-21). Because of the partial reception by a 1-segment receiver, the

Fig. 4-14 Configuration of frequency interleaver

Inter-segment frequency interleaving

interleaving range for a centre segment of No.0 should be within the segment.

Where, § denotes complex data shown in Fig. 4-10.
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Data Segment

<—— No. 0 —_—— No. 1 —_—— No. 2 N
0,00 S100 Sos00 | Sooa St Sos01 | Soo2 Si02 So5.02
=5 -5 [ =S = Sy =S, [ =S = Spo =Ses [ = Sy

Allocation of Complex Data before Inter-Segment Interleaving

Data Segment

Data Segment

<——

No. 0

—

<——

No. 1

—

<——

Data Segment

No. 2

—

S

S

Sos

Sos

Sos

S286

So7

Soo

S287

Allocation of Complex Data after Inter-Segment Interleaving

(a) Inter-segment interleaver for Mode 1

Data Segment

Data Segment

Data Segment

<—— No. 0 —>— No. 1 —>— No. 2 —>
So00 Sio0 | Si9100 | Soo1 Sion | Si9101 | Soo.2 Sio2 | Si910.2
=S =5 =S50 | =Sz | =S =S83 | =Seea | = Sees =S5

Allocation of Complex Data before Inter-Segment Interleaving

Data Segment Data Segment Data Segment
<—— No. 0 —— No. 1 No. 2 —>
s) Sl .......... 8191 8192 8194 .......... &_’74 8193 8195 .......... &_’75

Allocation of Complex Data after Inter-Segment Interleaving

(b) Inter-segment interleaver for Mode 2

Data Segment

Data Segment

Data Segment

<—— No. 0 —>— No. 1 —>— No. 2 —>
So00 Sio0 | Ss8300 | Soo01 Sion | Ss830.1 | Soo.2 S0z | S3830.2
=S =5 =S83 | =Seea | = Sees =S67 | =Sres | = Se0 = Sist

Allocation of Complex Data before Inter-Segment Interleaving

<——

Data Segment

No. 0

—

Data Segment

<——

No. 1

—

Data Segment

<——

No. 2

—

S

S

S383

S384

S386

S115()

S385

S387

S1151

Allocation of Complex Data after Inter-Segment Interleaving

(c) Inter-segment interleaver for Mode 3

Fig.4-15 Inter-segment interleaver
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4.6.2 Intra-segment interleaving

After carrier rotation according to Fig. 4-16, carrier randomisation is performed as shown in table 4-
4.

In Fig. 4-16, Sjk denotes the complex data of the k-th segment after inter-segment interleaving. A
segment number ‘k’ is 0, 1, or 2.

In 1-segment transmissioimtra-segment carrier rotatiasmnot applied because of k = 0.

| S'o,0k | S'1ok | S0k | --- | S'g5,0k |
\’
| Swmodospox | S'tr1modosyok | S'ke2 mod 96)0k | --- | S’k+o5 mod 96).0 |

(a) Intra-segment carrier rotation for Mode 1

| S'o,0k | S0k | S0k | --- | S'95,0k |
\’
| S'wmod1920k | S'ke1 mod 192)0k | S'k+2 mod 192).0k | --- | S’(k+191 mod 1090 |

(b) Intra-segment carrier rotation for Mode 2

| S0k | S'10k | S0k | --- | S’383,0.k |
\’
| S’wmodssayon | Sket mod38ay0k | S'tk+2 mod 38400k | --- | S’(k+383 mod 380 |

(c) Intra-segment carrier rotation for Mode 3

Fig. 4-16 Intra-segment carrier rotation interleaver
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Table 4-4 Intra-segment carrier randomisation

(a) Intra-segment carrier randomisation for Mode 1

From 0 1 2 3 4 5 6 7 8 9 10 11 1P 1B 14 15 16 17 QA8 19 (20 |21 |22 |23
To 80] 93| 63] 92| 94 55 171 81 4 5L ¢ g5 §9 65 H2 [5 |73 |66 |46 |71 [12 [ 70 | 18] 13

From 24| 25| 26 27 28 29 3 3l 3 33 34 5 B6 PB7 38 |39 |40 [41 |42 |43 [ 44| 45 46| 47
To 95| 34| 1| 38 78 59 9% 64 Q 28 11 4 45 35 16 |7 K8 22 123 |77 |56 [19 | 8 ] 36

3

From 48| 49| 50| 51 52 5§ 54 5
To 39| 61| 21| 3] 26| 69 64 2 74 8

T
[é)]
[<2)
[é3]
o
©
©
oY
o

bl [62 |63 |64 |65 |66 |67 | 68| 69| 70| 71
b #9 K2 54 187 143 |60 |29 | 2 | 76] 84

o7
~
N
N
&
PR
-

From 74 73| 74 75 74 74 7 79 8D 81 §2 3 84 B5 86 |87 |88 [89 |90 [91 [ 92 93| 94] 95
To 83| 40| 14 79| 27 54 44 37 3D 6B 47 88 5 41 PO (10 (33 (32 (62 [50 | 58 | 82 | 53] 24

where, numerical values in the table indicate carrier indexes, and complex data indicated by the carrier index in the row
“From” is carried by the carrier index in the row “To”

(b) Intra-segment carrier randomisation for Mode 2

From 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 1 16 1y 18 19 PO P1 P2 28

To 98 | 35 | 67| 116 135 17 5 93] 73 168 54 143 43 14 165 48 |37 [69 [154 (150 |107 | 76 | 176] 79

From | 24 | 25 | 26 27 28| 29| 30| 31 32 33 34 3% 3p

%)
I
PRy
[o¢]
©

1o Wl |42 |43 |44 |45 |46 | 47

To 175 36 | 28 78| 47| 124 94| 16 18p 7P 142 4 46 |4 130 J51 [14 |68 |46 |183 |122 | 112| 180] 42

From | 48 | 49 | 50 51 52 53| 54 55 56 51 5 5 6p q1 g2 3 b4 5 |66 |67 68 69 [70 |71

To 105 | 97 33 | 134 1771 84| 17 44 187 3B 1¢7 10 189 pl J17 156 |161 |25 |89 |125| 139| 24| 19 57

From | 72 73| 74 75 76| 77| 78] 79 8Q 8] 8 88 81 g g6 7 B8 B9 |90 |91 92 93 [94 |95

To 71 | 39| 77| 191 88| 85 0 164 181 113 140 4L 15 2 101 174 (118 |20 (136 | 3 121 | 190 | 120 92

From | 96 | 97 | 98 99| 100( 101 1032 108 104 195 19p6 1p7 308 109 {10 |111 112 |113 | 114 | 115| 116 117 114 119

To 160 | 52 | 153| 127] 65| 60| 13 14 131 8§ 42 38 100 111 J41 |83 |49 |132 | 12 | 155 | 146 | 102| 164] 66
From ]120 | 121 122] 123] 124 12 126 1247 128 1P9 130 131 JI32 133 [134 |[135 [ 136 | 137 | 138| 139| 140 14 14p 143
To 1 62 | 178 15| 182 96 80| 11 23 6 146 56 99 1p3 138 137 (21 [145 |185 |18 | 70 | 129| 95| 90

From | 144 | 145] 146| 147 144 14 15p 191 1%2 1p3 154 155 56 157 158 [159 [ 160 | 161 | 162| 163| 164 16 16I5 167

)
N
121
[
=

To 149 | 109| 124 50 11| 159 4 3] 17 4 1B b9 p1 8 7 144 |16 |26 |173 | 81 | 44 I 103

From |168 | 169| 170| 171 174 17 g 145 176 17 178 179 180 |[181 [182 |183 [ 184 | 185| 186| 187| 1894 18$ 19 191

To 64 9 30 | 157 126] 179 148 63 188 141 106 1p4 158 15 (34 [186 |29 [108 [ 53 [ 91 [ 169 110| 271 59

where, numerical values in the table indicate carrier indexes, and complex data indicated by the carrier index in the row
“From” is carried by the carrier index in the row “To”
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(c) Intra-segment carrier randomisation for Mode 3

From 0 1 2 3 4 5 6 7 8 9 10 1 13 1] 11 B 16 |7 18 19 20 21 2 23

To 62 13| 371f 11] 28% 336 365 2% 6 120 175 |298 |352 | 172 | 235| 53 | 164| 368 187 12 82

o
N
?

[«2]
=
N
(2]

From 24 ) 2 27 28 29 o 3] 3P H 15 b6 B7 38 39 0 |4 2 43 4 | 45 46 47

[}
) | W
i

DL

To 5 45| 173 254 13% 18P 141 243 126 86 88 P33 |61 |249 |367 | 310 | 179| 155| 57| 123 20§ 14 227

From | 48] 49 50| 51| 52| 5] 5 5 % &5

o
[*Y

o 0 p B B &t 65 [e5 [67 [ [ [ 0] 7

To 100| 311 209 79 184 18p 37

3
~
=T
=

15 277 112 |20 199 |[178 |143 [152 | 215| 204| 139 234 358 192 30p 183

From 2 3 A s 76 7 7 I 8 8l <24 $3 B4 85 86 87 8 89 N ei R <] A b

To 81| 129| 256 314 101 49 9f 3344 142 1p7 PO 114 102 |29 |303 |363 | 261 | 31 | 22| 52| 305 301 29 177
From % 97 =B 9| 104 10f 10 1B 14 1p5 o6 JO7 [108 (109 (110 |11 | 112 | 13| 14| 15[ 1q 17 1 119
To 116| 296 85| 19¢ 191 11p 58 198 16 1p7 145 119 P45 |113 |295 [193 [ 232 | 17 | 108| 283 249 64 23 189

From12)12112212[1211251"6127]282913)1311321331%1351361371381%144)141112143
To 128| 373| 303 32 23p 33 346 3J9 37 351 [f3 158 P76 [243 (99 [ 38 [287| 3 [ 330( 153 31q 117 28 213

B
&
&
B
g
g
g
&

From | 144] 5] 14 14f 14§ 14 10 60| w61] 18] 16] 16§ 166 1 167

To 210| 149| 383 33] BSP 151 241 321 207 PO *34 161 [B22 |49 |176 |359 | 12 | 346| 60| 28| 229 26 28'3 225

From 168 169 10 174 172 1B 14 15 176 77 78 (179 (180 (181 | 182 | 183 | 184 | 185( 186 18 1% 13 19 19

[y

To 382| 59| 181 17Q 319 341 8p 251 B3 344 361 ]09 |44 369 [268 [257 | 323 | 55 | 317| 381 12]| 360 26p 275

From | 192| 193] 194 199 1% 19 198 1P 01 P2 208 |204 |26 | 206 | 207 | 28| 29| 2100 219 212 218 2M 215

’é

To 190| 19| 63| 18| 24 9 24p 211 130 20 332 2331 |71 P55 (350 |355 | 83 | 87 | 154 | 218| 138 269 34 130

From2162172‘1821522(221Z22Z3224?252262272282922{)2312322332342E23¢2372(8239

)
)
iy
3]

To 160| 278 377 21 23p 30B 27 1)8 300 201 (37 (219 [ 36 |325 | 124 66 | 353| 169 21| 35 10y 50

&
]
N
D)
B

From 20| 241 242 243 244 245 A4 40 P50 |51 |52 |253 |24 | X5 | X6 HBr7| B8 B4 2060 200 2 263

To 106| 333| 324 262 25p 27l 263 32 1B6 |0 366 P06 [159 |122 |188 | 6 [284 | 96 | 26 | 200[ 197 18 34p 340
From 04| 265 2668 264 26$ 2P 2[00 2y1 42 33 P4 (275 (276 (277 | 278 | 2Z/9 | 280 281 282 284 284 28 2$ 287
To 349( 103| 84| 22§ 21*2 2 6 318 M 3p2 166 194 |33 |68 267 |111 |118 | 140 | 195| 105| 202 291 259

From2882892%29]29‘.2932942352%119729829931)1{)13323)33)42{5%33_3($3333]0311

B
[N}

To 23 | 171 65| 281 24 16p 8 o4 242 331 38 364 P76 [266 (89 |80 [253 | 163 | 280 247| 41 364 379

From 312| 313| 314 313 3N 3 318 39 FO A B2 (323 (324 (35 (36 | 27| 328| 30( 330 3 3P 3P 314 335

To 290| 279 54| 78| 18 74 3B 2§2 1 343 370 P06 [221 (132 | 7 |[148 | 299 | 168| 224 48| 47 SSI 313

g
N
=)
J

From3363373383%34‘1)3413&343:44E45M634734834935035135235335435€3§3573‘.18359

To 75 | 104 70| 147 4q 119 374 6p 146 37 3Jr5 354 174 |41 |32 (304 |307 | 312 | 15 | 272 134 243 201 209

From36036136236€3643653$6337:593703713723733743753763773783793&381312313

To 380( 162 297 327 14 93 4? 290 1%6 3B8 2492 144 B78 [294 |329 [127 (270 76| 95| 91| 244 274 27| 51

where, numerical values in the table indicate carrier indexes, and complex data indicated by the car-
rier index in the row “From” is carried by the carrier index in the row “To”
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4.7 OFDM segment-frame structure
By adding pilots, data segments are arranged into OFDM segment-frame every 204 symbols.

4.7.1 OFDM segment-frame for differential modulation
As an example, OFDM segment-frame for differential modulation (DQPSK) is shown about Mode

1in Fig. 4-17.

Carrier Number

o 0 1 2 107
- Soo Sio Sos.0
o~ So1 Si1 Sos1
. S22 S Sos.2
< So3 Si3 Ses3
. LO %,4 S1,4 Sgsl4
bt Ss | Sis Sees
©
g Sos Sie Sos 6
E ~ So7 Si7 ’(\T Sos.7
8 Q
= Q <
> o O —
D 3) = 3)
s | ||| e e L | —
()] ©)
LOL <
™M
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where, § denotes the complex data in a data segment after time and frequency interleaving.
The modulation phase of CP (Continual Pilot) is constant at all time.

TMCC (Transmission and Multiplexing Configuration Control) carrier carries the control data.
AC (Auxiliary Channel) carrier carries the ancillary information.

Allocation of these pilot carriers is shown in table 4-5.

Fig. 4-17 Structure of OFDM segment for differential modulation
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Table 4-5 Carrier allocation of CP, AC, and TMCC for differential modulation

(a) Carrier allocation of CP, AC, and TMCC for Mode 1

Segment Num-

bor 1 0 2

cP 0 0 0
AC1_1 74 35 76
ACl 2 100 79 97
AC2 1 30 3 5
AC2 2 81 72 18
AC2_3 92 85 57
AC2 4 103 89 92
TMCC 1 7 49 31
TMCC 2 25 61 39
TMCC 3 47 96 47
TMCC 4 60 99 65
TMCC 5 87 104 72

(b) Carrier allocation of CP, AC, and TMCC for Mode 2

Segment
Number 1 0 2
CP 0 0 0
ACl 1 8 98 53
ACl 2 64 101 83
ACl1l 3 115 118 169
ACl_4 197 136 208
AC2_ 1 36 10 3
AC2_2 48 30 15
AC2_3 52 55 40
AC2_4 74 81 58
AC2_5 108 108 108
AC2_6 133 111 137
AC2_7 138 153 149
AC2_8 150 167 192
AC2_9 212 185 201
TMCC 1 78 23 25
TMCC 2 82 37 63
TMCC 3 85 51 73
TMCC 4 98 68 80
TMCC 5 102 105 93
TMCC 6 142 121 112
TMCC 7 156 158 115
TMCC 8 162 178 125
TMCC 9 178 191 159
TMCC 10 209 195 179
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(c) Carrier allocation of CP, AC, and TMCC for Mode 3

Segment Numbe 1 0 2
CP 0 0 0
ACl 1 76 7 61
ACl 2 97 89 100
ACl1l 3 112 206 119
ACl 4 197 209 209
ACl 5 256 226 236
ACl 6 305 244 256
ACl 7 332 377 398
ACl1l 8 388 407 424
AC2 1 5 25 29
AC2 2 18 30 41
AC2_ 3 57 42 84
AC2 4 92 104 93
AC2 5 108 108 108
AC2 6 121 118 136
AC2 7 201 138 153
AC2 8 206 163 189
AC2 9 210 189 199
AC2 10 216 216 216
AC2 11 288 219 239
AC2 12 311 261 279
AC2 13 316 275 301
AC2 14 321 293 321
AC2 15 324 324 324
AC2 16 360 327 354
AC2 17 372 339 405
AC2 18 376 364 416
AC2 19 398 382 427
TMCC 1 31 34 4
TMCC 2 39 48 7
TMCC 3 47 54 17
TMCC 4 65 70 51
TMCC 5 72 101 71
TMCC 6 124 131 144
TMCC 7 138 145 156
TMCC 8 145 159 163
TMCC 9 182 176 167
TMCC 10 191 213 194
TMCC 11 221 229 226
TMCC 12 226 266 244
TMCC 13 237 286 260
TMCC 14 260 299 263
TMCC 15 277 303 270
TMCC 16 402 349 331
TMCC 17 406 387 349
TMCC 18 409 397 371
TMCC 19 422 404 384
TMCC 20 426 417 411
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4.7.2 OFDM segment-frame for coherent modulation

As an example, OFDM segment-frame for coherent modulation (QPSK, 16QAM, 64QAM) is
shown about Mode 1 in Fig. 4-18.
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where, § denotes the complex data in the data segment after time and frequency interleaving.
SP (Scattered Pilot) is inserted in every 12 carriers and in every 4 OFDM symbols.
Allocation of AC and TMCC is shown in table 4-6.

Fig. 4-18 Structure of OFDM segment for coherent modulation
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Table 4-6 Carrier allocations of AC and TMCC for coherent modulation
(a) Carrier allocation of AC and TMCC for Mode 1

Segment

Nu?nber 1 0 2
AC1 1 74 35 76
AC1l 2 100 79 97
TMCC 1 47 49 31

(b) Carrier allocation of AC and TMCC for Mode 2

Segment Num

1 0 2
ber
ACl 1 8 98 53
ACl 2 64 101 83
AC1l 3 115 118 169
ACl 4 197 136 208
TMCC 1 85 23 25
TMCC 2 209 178 125

(c) Carrier allocation of AC and TMCC for Mode 3

Segment Num

1 0 2
ber

ACl 1 76 7 61

ACl 2 97 89 100
ACl1l 3 112 206 119
ACl 4 197 209 209
ACl 5 256 226 236
ACl 6 305 244 256
ACl 7 332 377 398
ACl1l 8 388 407 424
TMCC 1 31 101 17

TMCC 2 191 131 194
TMCC 3 277 286 260
TMCC 4 409 349 371
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4.7.3 Modulation schemes for pilots

Every carrier of four kinds of pilots is DBPSK-modulated and conveys the dedicated information
for each pilot.

(a) Scattered Pilot (SP)

The scattered pilots are modulated according to a PBRS sequericepfvésponding to their car-
rier index ‘I'. Amplitude of ‘W’ is boosted as shown in table 4-7. The PBRS sequence is generated
according to figure 4-19.

The PRBS is initialised so that the first bit from the PRBS coincides with the first active carrier of a
segment. A new value is generated by the PRBS on every used carrier (whether or not it is a pilot).

Initial set of the PRBS register is defined according to what sub-channel the centre frequency of a
segment belongs to as shown in table 4-8.

The sub-channel number is defined in figure 4-20. A sub-channel is simply a virtual channel with a
bandwidth of 1/7 MHz.

An example of a segment having a sub-channel 22 in the centre is shown in this figure. This seg-
ment is composed of sub-channels 21, 22, and 23.

It should be noted for the partial reception thaf ‘®¥the 1-segment transmission having a sub-
channel 22 in the centre coincides with that of the centre segment in the wide band ISDB-T.

)
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Fig. 4-19 Generation of PRBS sequence

Table 4-7 Boosted power level of pilots

(-4/3, 0)
(+4/3, 0)

W, Complex Value of Pilot Signal (I, Q)
1
0
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Table 4-8 Initial sets of PRBS register
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Initial Sets for Mode 3

Center Sub- Initial Sets for Mode 1 Initial Sets for Mode 2
channel Number of  (pegree from 0 to 10 in (Degree from 0 to 10 in (Degree from 0 to 10 in
a Segment Fig.4-19) Fig4-19) Fig.4-19)
41,0,1 11100100101 00011011110 11100011101
2,3,4 11111111111 11111111111 11111111111
56,7 110110011112 01101011110 11011100101
8,9 10 01101011110 11011100101 10010100000
11, 12,13 01000101110 11001000010 01110001001
14, 15, 16 110111001012 10010100000 00100011001
17,18, 19 00101111010 00001011000 11100110110
20, 21, 22 11001000010 01110001001 00100001011
23,24, 25 00010000100 00000100100 11100111101
26, 27, 28 10010100000 00100011001 01101010011
29, 30, 31 11110110000 01100111001 10111010010
32,33,34 00001011000 11100110110 01100010010
35, 36, 37 10100100111 00101010001 11110100101
38, 39, 40 01110001001 00100001011 00010011100
P The currently used 6 MHz bandwidth for television broadcasting
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Fig. 4-20 Definition of sub-channel
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(b) Continual pilot

The continual pilots are modulated in the same way as scattered pilots. The modulation phase of the
continual pilots is constant in all symbols, and ‘Wi’ governs its value. Carrier Allocation of CP in
Segment is shown in figure 4-17.

(c) TMCC

The reference bit for differential modulation is the first bit of TMCC data, and ‘Wi’ also governs its
value. Information bits of Bto Byo3 are differential-coded to Bto B’,3 by the next algorithm.

B'o=Wi : Initialisation bit for the DBPSK modulation
B'x=B'x1@ Bx: k=1, 203® indicates exclusive OR

Coded bit B’ = 0, 1 are converted to (+4/3,0), (-4/3,0).

(d) AC

The modulation scheme for AC is the same as that of TMCC. In the case of no ancillary informa-
tion, “1” is applied for B as a stuffing bit.

4.7.4 Transmission spectrum

Segments are numbered in accordance with figure 4-21. In the 3-segment transmission, the centre
segment should be dedicated for the partial reception by a 1-segment receiver.

A continuous pilot (CP) should be added at the edge of an upper side segment when a coherent
modulation scheme is applied for the segment.

The right end (upper end) of the band is used for continuous-carrier arrangement (Additional CP).
‘W;’ of the additional CP is continuously defined as the next output bit from PRBS.

Additional CP Additional CP
Segment Segment | Segment | Segment
No. 0 No. 1 No. 0 No. 2
Partial
Reception
Segment
1-segment transmission 3-segment transmission

Fig. 4-21 Segment number in transmission spectrum
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4.8 REF signal format

The emitted signal is described by the following expression:

s(t) = Re{ejz’”o‘i Kzlc(n,k)SV(n,k,t)}

n=0 k=l

where,
k — Kc
jor (t-Tg-nTy)
e M NTs<t < (n+DTs
Y(nk,t) =
0 t<nTs, (r1)Ts<t
where,
k denotes the carrier index numbered frdfrc@rrier of the lowest segment;
n denotes the OFDM symbol number;
K is the number of transmitted carriers (109 for Mode 1, 217 for Mode 2, 433 for Mode 3
in 1-segment transmission and 325 for Mode 1, 649 for Mode 2, 1297 for Mode 3 in 3-
segment transmission);
Ts is the symbol duration (= Tg + Tu);
Tg is the duration of the guard interval;
Tu is the duration of effective symbol;
fc is the center frequency of RF signal;
Kc s the carrier index of the centre frequency of RF signal (54 for Mode 1, 108 for Mode

2, 216 for Mode 3 in 1-segment transmission and 162 for Mode 1, 324 for Mode 2, 648
for Mode 3 in 3-segmenttransmission);

c(n,k) is complex data of n-th OFDM-symbol carried by k-th carrier number;

s(t)

is an RF signal.

4.9 Insertion of Guard Interval

A guard interval is inserted as shown in figure 4-22 where a replica of back-end data from IFFT is
placed in front of effective symbol data. The length of the replica corresponds to the duration of the
guard interval.

< Output Data of IFFT > < Output Data of IFFT >
Guard Inter- . . Guard Inter- . .
. val Effective Symbol Duration ! val Effective Symbol Duration —>t
T ] i

Fig. 4-22 Guard Interval
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5. Transmission and Multiplexing Configuration Control (TMCC)
This section specifies information coding and transmission scheme of the TMCC signal.

The TMCC signal is used to transmit, for example, hierarchical information, transmission parame-
ters of each OFDM segment, and information related to demodulation operations on the receiver.
This signal is transmitted using the TMCC carrier specified in sub clause 4.7.

5.1 TMCC transmission format
The 204 bits of Bto B,z per carrier are assigned as shown in table 3-1.
Table 3-1 Bit assignment for TMCC

Bo Initialisation bit for the DBPSK modulation

B; - Bis Synchronization word (w0 =0011010111101110, w1l =1100101000010001)
B17 - Big Segment Descriptor (Deferential Modulation: 111, Coherent Modulation: 000)
Boo - Bip1 | TMCC Information (102 bits, See Table 3-2)

B122 - Boos Parity Bits

5.2 Reference to differential demodulation

The references of phase and amplitude for demodulation are given also with ‘Wi’ according to table
4-8.

5.3 Synchronisation of TMCC
A 16-bit synchronization sequence takesand w (the inverse of g in turn in every frame.
Where:

Wo is [0011010111101110 J;

Wy is [1100101000010001 ].

5.4 Segment type identification

Differential modulation segment is identified with the ID of “111” and coherent modulation seg-
ment is identified with the 1D of “000".
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5,5 TMCC information
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The TMCC information composed of system descriptor, countdown index, switch-on flag for alert
broadcasting, current configuration and next configuration.

table 5-2 shows bit assignment for TMCC information. table 5-3 shows contents of transmission pa-
rameters. The 90 bits of 102 whole bits are used as shown at present. The remaining 12 bits are re-
served for future use, and should be set to “1”.

The bit assignment for TMCC information coincides with that wide band ISDB-T to maintain com-
patibility even though there are no B and C layers in the 1-segment transmission and no C layer in
the 3-segment transmission. In these cases, default bits for unused function are applied.

Table 5-2 Bit assignment for TMCC information

Inforr_natlon '\'“”.‘ber Function Reference
bits of Bit
Boo - By 2 System Descriptor Table 5-4
B, - Bys 4 Count Down Index Table 5-5
Bs 1 Switch-on Control Flag used for Alert Broadcasting Table 5-6
B,7 1 Transmission segment Identification Flag Table 5-7
Current Con- —
Bos - Bag 13 figuration In- Transmission Parameters for Layer A
Ba1 - Bss 13 formation Transmission Parameters for Layer B | Table 5-3
Bs, - Beg 13 Transmission Parameters for Layer C
Bs7 1 Next Con- Transmi_ssi_on segment ldentification Flag Table 5-7
Bes - Bgo 13 figuration In- Transmission Parameters for Layer A
Bg1 - Bos 13 formation Transmission Parameters for Layer B | Table 5-3
Bos - Bios 13 Transmission Parameters for Layer C
B1o7 — Biog 3 Phase correction of CP in connected transmission Table 5-12
B11o- Bio1 12 Reserved for Future Use All set to “1”
Table 5-3 Transmission parameters
Number of Bits| Reference

Modulation 3 Table 3-8

Code Rate 3 Table 3-9

Time Interleaving 3 Table 3-10

Number of Segments 4 Table 3-11
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5.5.1 System identification

The ISDB-T family is identified by two bits. An ID of “00” is assigned to the wide band ISDB-T
system using 13 segments for television, and “01” is assigned to the system described by this speci-
fication. The remaining bits are reserved.

Table 5-4 System descriptor

Boo - Bo System

00 ISDB-T using 13 Segments

01 ISDB-T using 1 or 3 Segments
10, 11 Reserved

5.5.2 Index for transmission parameter change

By counting down the index for transmission parameter change, the change timing is informed to
the receiver. The count down starts from 15 OFDM frames before a change. It should be noted that
the next of index “0000” is “1111". The change shall be carried out at the time when the frame-
synchronization word is transmitted following the index of “0000”. In other words, new transmis-
sion parameters shall be applied to receivers from the frame at which the index returns to “1111".

Table 5-5 Countdown index

B,s - Bos Meaning
1111 Ordinary
1110 15 Frames before Changing Transmission Parameters
1101 14 Frames before Changing Transmission Parameters
1100 13 Frames before Changing Transmission Parameters
0010 3 Frames before Changing Transmission Parameters
0001 2 Frames before Changing Transmission Parameters
0000 1 Frame before Changing Transmission Parameters
1111 Use New Transmission Parameters

5.5.3 Activation flag for alert broadcasting

As shown table 5-6, while alert broadcasting continues the flag takes “1”, but otherwise the flag
takes “0".

Table 5-6 Switch-on control flag used for alert broadcasting

Boe
0 Ordinary
1 Switch-on
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This flag is ‘0’ for the 1-segment transmission and ‘1’ for the 3-segment transmission. Bit allocation

of this flag is shown in Table 3-7.

Table 5-7 Transmission-segment identification flag

B2z, / Bsr Meaning
0 1-segment transmission
1 3-segment transmission

5.5.5 Modulation scheme

For the identification of modulation schemes, three-bit words are assigned as shown table 5-8. In an

unused layer, the word takes “111”. When next configuration-information is not valid, the word

also takes “111".

Table 5-8 Modulation scheme for OFDM carriers

First 3 bits of 13 bits for laye

parameter information Modulation
000 DQPSK
001 QPSK
010 160AM
011 64QAM
100 - 110 Reserved
111 Unused Layer

5.5.6 Coding rate of inner code

For the identification of the coding rate of convolutional codes, three-bit-words are used as shown
in table 5-9. In a layer being not transmitted, the word takes “111”. When next configuration-

information is not valid, the word also takes “111".

Table 5-9 Code rates of inner code

Second 3bits of 13 bits for

layer parameter informatior Code Rate
(see table 5-3)
000 1/2
001 2/3
010 3/4
011 5/6
100 7/8
101 - 110 Reserved
111 Un-used Layer
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5.5.7 Length of time interleaving

For the identification of the length of time interleaving, three-bit-words are used as shown table 5-
10. In a layer being not transmitted, the word takes “111”. When next configuration-information is
not valid, the word also takes “111".

Table 5-10 Time interleaving

Third 3 bits of 13 bits for layer
parameter information Time Interleaving Parameter'|
(see table 5-3)
000 0 (Mode 1), 0 (Mode 2), 0 (Mode 3)
001 4 (Mode 1), 2 (Mode 2), 1 (Mode 3)
010 8 (Mode 1), 4 (Mode 2), 2 (Mode 3)
011 16 (Mode 1), 8 (Mode 2), 4 (Mode 3)
100 32 (Mode 1), 16 (Mode 2), 8 (Mode 3)
101 - 110 Reserved
111 Un-used Layer

"1 See table 4-3

5.5.8 Number of segments

To indicate the number of segments used for each layer, four-bit words are assigned as shown table
5-11. In an unused layer, the word takes “1111”. When next configuration-information is not valid,
the word also takes “1111".

Table 5-11 Number of segments used in a layer

Last 3 bits of 13 bits for layer|
parameter information Number of Segments used in the Layer

(see table 5-3)
0000 Reserved
0001 1
0010 2

0011 -1110 Reserved
1111 Un-used Layer
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5.5.9¢ Phase correction of the first carrier of upper adjacent segment
This function is applied for a connected transmission of segments (see sub-clause 8).

A coherently modulated segment in a connected transmission substitutes the first carrier of upper
adjacent segment for its additional CP (see figure 4-21).

In this case, corresponding to a segment position in a connected spectrum, some amount of phase
correction should be applied for the first carrier of upper adjacent segment.

Three bits are used for an amount of phase correction as shown table 5-12.

Table 5-12 Amount of phase correction in concatenated transmission

B107 B10sB109 Amount of phase correction(x®
000 -1/8
001 -2/8
010 -3/8
011 -4/8
100 -5/8
101 -6/8
110 -7/8
111 0 (no phase correction)

5.5.10 Channel coding for TMCC information

Except for the synchronization bits, information bitg 8 B;,; are coded by (184,102) shortened
code, derived from the original CDSC (273,191) code.

Code generator polynomial:
g(x) = XZ + X"+ X+ x™+ X%+ x% + x® + x + x*®

X0 X e xP* e x® x4+ x4 xP +xt +1

5.5.11 Modulation of TMCC carriers
TMCC carriers are modulated in the DBPSK scheme (see sub-clause 4.7.3(c)).
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6. Auxiliary channel (AC)

The auxiliary channel (AC) is provided for ancillary data besides the broadcasting channel that is
transmitting video, audio and data by MPEG-2 TS. It has two sub-channels: AC1 and AC2, whose
allocations are shown tables 4-5 and 4-6.

It should be noted that the channel coding schemes for the AC would be specified after the applica-
tion of the AC channel has been determined.

6.1 Transmission capacity

The modulation scheme for AC is DBPSK as described in section 5. Except for the first symbol
used for the phase reference, each AC carrier can convey 203 bits per frame. The transmission ca-
pacities of AC1 and AC2 are shown in tables 6-1and 6-2.

It should be noted that the capacity of AC2 depends on the number of differential modulation seg-
ments.

Table 6-1 Transmission bit-rates of AC1

Number of Number o_f Transmission Rates (kbps)
Segments AC1 Carriers | Guard Interval | Guard Interval | Guard Interval | Guard Interval
(Mode 1/ 2/ 3) | Rate 1/4 Rate 1/8 Rate 1/16 Rate 1/32
1 (2/1418) 6.31 7.02 7.43 7.66
3 (6 /12 /24) 18.95 21.06 22.30 22.97
Table 6-2 Transmission bit-rates of AC2 per segment
Transmission Rates (kbps)
gg;ﬁ:;g Mode Eg?%e;rﬁfers Guard Inter- | Guard Inter- | Guard Inter- | Guard Interval
val Rate 1/4 |val Rate 1/8 |val Rate 1/16 | Rate 1/32
1 4 12.63 14.04 14.86 15.31
1 2 9 14.21 15.79 16.72 17.23
3 19 15.00 16.67 17.65 18.18
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7 Receiving system

This section describes the block diagrams of the receiver and the model receiver that prescribe the
algorithm used for making the multiplex frame.

7.1 Functional block diagram
Examples of the block diagrams of a narrow-band ISDB-T receiver are shown in Fig. 7-1.

- Q|§SK - 5| BitDe |
- - e-
Differential maon Interleaver
> ping
OFDM Demodulator . Time T
requency 160AM i
FrT Frame De- [ De- Splitter| . Se_ Ly Synthesig_y| Splitter, For 3-segments
transmission
Decoder| Interleave| | Interleaver ingl | | | | Ao
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Coherent } |
| Demodulato ] Contrdl Signiaham i [ Bitpe-
> De- > _E"Interleaver_'
mappng H
e
\ 4
TMCC
Decoder|

- Byte De- Energy
De-Punctured ™ Interleaverl ™1 Dispersal g

Synthesis
3 o and
For 3-segments transmission Transmission- Viterbi Spli o : RS (204,188)
itter, - nthesis| ’
N S . | TSP Regenera *|Decodef | P I__f?[g’_sf?qu_r‘fs_tia_r‘_sﬂfs' Y ™|  Decoder [* TS
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i [ Byte De- Energy |,
_E’ Interleavel | Dispersal T’
]
! |
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Fig. 7-1 Functional block diagrams of receiver
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7.2 Model receiver for composition of Multiplex Frame

The allocation of TSPs in the multiplex frame should be determined in accordance with the opera-
tion of a model receiver to reproduce TS. The concept of the receiver is shown in figure 7-2.

Differential Demodulator Time and Frequency

» FFT > Coherent Demodulator > De-interleaver >

Laver A
FEmmsmmsmmms==m=m==========
i
De-Punctured Layer-Buffer | . O |
L > Lay 7 i TS-Buffer S2 |15 |
, s1 | s3 I Null-Tsp O Regenera- J%
- Splitter —O—{synthesis—O— Ilmmmeeeg e e it P S | Viterbi
? O Ts-Buffer OS2 [Ts j Pe-
Hp De-Puncturedp» Layer-Buffer | - o O Regenera-
Null-TSP
Laver B

Fig. 7-2 Model receiver for Multiplex Frame pattern

7.2.1 Input stream to splitter

After the demodulation and de-interleaving processes, the signal is input to the splitter in order of
segment number and carrier number (from low to high frequency, except for pilots) within a seg-
ment. It should be noted that delay compensation between the processing time of differential de-
modulation and that of coherent demodulation is necessary in the demodulation block.

An example of the order of segment data flow to the splitter is shown in figure 7-3. In this case,
time is counted by the FFT sampling clock. The transmission parameters are shown in figure7-1.

Table 7-1 Example of hierarchical parameter set in 3-segment transmission

Mode 1
Guard Interval Ratio 1/8
Hierarchy| Layer A DQPSK, Coding Rate = 1/2, 1 segment used
2 Layer B 16QAM, Coding Rate = 3/4, 2 segments used

< 1 OFDM symbol duration = 576 clocks q

96 Clocks

Segment #0 Segment #1 Segment #2

Carrier #0 Carrier #1 | Carrier #95
Layer A (1 Segnjents) Layer B (2 Segments) No-Signal Period
< >« P P

Fig. 7-3 Example of input stream to splitter in 3-segmennt transmission
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In an OFDM-symbol duration, the data of 96 (=96usefldlsegment) carriers are input to layer A,
then the data of 192 (=962) carriers are input to the B layer’s position, and finally the no-signal
period equivalent to 288 carriers follows. Here, the no-signal period corresponds to the sum of the
guard interval and processing time for pilot carriers and remaining samples of 512-FFT sampling.
This multiplex frame pattern repeats 204 times in an OFDM frame.

7.2.2 Operation of splitter to Viterbi Decoder

Data split into each layer are de-punctured and stored in each layer’s buffer. It is assumed that the
processing times are the same for each layer and zero in the model receiver.

When the k-th symbol data in one multiplex frame are input to the de-punctured block of layer X,
the number of bits & being stored in the buffer of layer X is as follows.

Bx k=2 x ([k ¥ Scx R{] - [(k-1) x Scx Ry])

Where,[ ] denotes the calculation of rounded-down decimals, Rx denotes the coding the rate of the
X layer’s convolutional code, and &pends on the modulation scheme as shown in table 7-1.

Table 7-1 Values of $

Modulation 3
DQPSK/QPSK 2
16QAM 4
64QAM 6

When one packet’s data of 408 bytes are stored in a hierarchy buffer, switch S1 is active and the
data are transferred to a TS buffer. This transfer is assumed to be instantaneous.

The TS regeneration block looks up a TS buffer every TS packet period of 408 clocks, whether or
not more than one packet’s are stored. When more than one packet’s data are stored, switch S2 is
connected to the buffer and one packet’s data are read out. And when no data are stored in the TS
buffer, S2 is connected to null RS-TSP, and a null packet is read out.

Switch S3 switches the TS regeneration block to which the data are transferred from the layer syn-
thesis block at the head of the OFDM frame (in the case of Mode 1). Following switch S3, switch
S4 switches the TS regeneration block that delivers the data to the Viterbi decoder at three packet-
periods (408 x 3 clocks) later to the change of S3.

For Mode 2, the switching period of switches S3 and S4 is half an OFDM frame (102 OFDM sym-
bols), and for Mode 3, it is a quarter of an OFDM frame (51 OFDM symbols).
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8. Signal format in connected transmission
8.1 Connected transmission

Concatenated transmission is defined as a transmission of multiple segments (i.e. multiple pro-
grams) from the same transmitter with no guard band.

An example of concatenated transmission for three TS’s (TS1, TS2, and TS3) is shown in Fig. 8-1.
Each TS signal is independently channel-coded as shown figure 2-1. After OFDM-frame adapta-
tion, all segments symbol data are adapted for OFDM-signal generation by single IFFT.

Outer Code ( OFDM Frame
TS1—» RS (204,188) g—b Adaptation —
IFFT-
Outer Cod OFDM Frame Input Guard
- > uter Code
TSz RS (204,188) > Adaptation [P a(;i_apta- IFFT % interval
lon Insertion
- N Outer Code OFDM Frame
TSe RS (204,188) ;; Adaptation >
— -
——
See Fi.2-1

Fig. 8-1 Example of concatenated transmission (three TS’s)

8.2 CP carrier in connected transmission

In an ordinary transmission, one CP carrier is added to the upper end of the band as shown in Fig. 8-
2. This additional CP carrier is used as a reference signal for the coherent demodulation.

In concatenated transmission, on the other hand, the first carrier of the upper adjacent segment can
be treated as a CP of the desired segment. Accordingly, only one CP is enough for the connected
transmission as shown in figure 8-3.

CP CP

(a) 1-segment format (b) 3-segment format

Fig. 4-2 CP-carrier in an ordinary transmission
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The first carrier of the
upper adjacent segment i
substituted for CP.

CP

v,

Fig. 8-3 CP-carrier in connected transmission

8.3 Phase compensation for connected transmission

8.3.1 Pre-compensation for segment signal

Phases of all symbol data of a segment are rotated by an amount before OFDM-signal generation.
The amount of phase compensation is determined as a product of a frequency difference (fr-ft) and

a guard interval.
¢ = (fr-ft) x Tg(guard interval)

where, ftis a frequency of connected transmission, and fr is a centre frequency of desired seg-
ment(s).

Frequency difference (fr-ft) is normalised in terms of number of segments. Amounts of phase-
rotation¢ are shown corresponding to frequency differences counted segment in table 4-1.

Table 4-1 Phase compensatiop for each symbol of a segment (xd

Difference of centre frequencies (fr-ft) counted by segment

Mode | GIR
-n -6 -5 -4 -3 -2 -1 0 -1 -2 -3 -4 -5 -6 +n
1/32 | -mod(3n,8)/8 | -2/18| -7/8| -4/8 -1/d -6/8 -3/8 0 3/8 6/ 18 48 8 mod(3n,8) /8
1 1/16 | -mod(3n4)/4 | -2/4| -3/4 0 14 214 -3/4 0 34 24 14 q 34 2/4 mod(3n,4) /4
1/8 -mod(n,2) /2 0 -1/2 0 -1/2 0 -1/2 0 1/2 0 1/2 0 12 mod(n,2) /2
1/4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1/32 | -mod(3n4)/4 | -2/4| -3/4 0 14 214 -3/4 0 34 24 14 q 34 2/4 mod(3n,4) /4
) 1/16 | -mod(n,2) /2 0 -1/2 0 -1/2 0 -1/2 0 1/2 0 1/2 0 12 0 mod(n,2) /2
1/8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1/4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1/32 | -mod(n,2) /2 0 1/2 0 1/2 0 1/2 0 1/2 0 1/2 0 1/ 0 mod(n,2) /2
3 1/16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1/8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1/4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

“Mod(i,j)” indicates the remainder of dividing i by j.
GIR: Guard Interval Ratio
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The phase rotation amounts tat2svery 8-symbol period. Accordingly, at the first symbol of a
frame in which the synchronisation word of TMCC ig,\the amount of phase rotation is pre-
scribed as 0.

8.3.2 Phase rotation in reception

When desired segment(s) uses the first carrier of the upper adjacent segment as a reference signal,
the phase of that carrier should be rotated every symbol in accordance with table 8-2.

Table 8-2 Phase rotatiom¢ for the first carrier of the upper adjacent segment (x z)

Condition of upper adjacent segment

Guard interval ratio 1-segment transmission 3-se?nr?ses?(t)rt1rans-
o 1/32 -3/8 (1), -3/4(2), -1/2(39) 6/8, -2/4, 0
7 . 1/16 3/4, 102, 0 2/4, 0, 0
3 1/8 12, 0, 0 00 0 0
3 £ 1/4 0, 0, 0 o0 0 0
CE 1/32 -6/8, -2/4, 0 /8, -1/4, -1/2
2 1/16 -2/4, 0, 0 -1/4, -1/2, G
g 3 1/8 0, 0, 0 12, 0, 0
© 1/4 0, 0, 0 o 0 0

(2),(2) and (3) indicate transmission mode

8.4 Parameter restrictions in connected transmission
(1) The same mode should be applied for all segments.
(2) The same guard interval length must be used for segments.

Because all OFDM symbols in connected transmission should be synchronised with each other,
modes having different symbol lengths cannot be mixed.

(3) OFDM-signal generation must be carried out by single IFFT operation.

The frequencies of all segments must be completely synchronised. For this reason, it is necessary in
practice that single IFFT is used for signal generation (size increases with increase in number of
carriers).

Recommended IFFT sizes are given with respect to total numbegwients in able 4-3.
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Table 8-3 Number of segments and IFFT sizes

Mode Number of segments
1 2 3 4 5 6 7 8 9 10 11 12 13 14

Nlég]r?iirrc’f 109 | 217 | 325| 433| 541 649 757 865 973 1081 1189 1P97 1405 1513
1 | IFFTsize | 56 512 1024 2048

IFFT order| g 9 10 1

Nlég]r?iirrc’f 217 | 433 | 649| 865 1081 1297 1513 17P9 1945 2161 2877 2593 2809 3025
2 | IFFTsize | g1 1024 2048 4096

IFFT order| 10 11 1

Nlég]r?iirrc’f 433 | 865 | 1297| 1728 2161 2593 3025 3457 3§89 4B21 4753 5185 H617 6049
3 | IFFTsize | 1004 | 2048 4096 8192

IFFT order| 4 11 12 13
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